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(57) Abstract: 

PURPOSE: Provided are extracts and fractions of Betula platyphylla var. 
japonica having antioxidant and/or anticancer activities. They alleviate 
and/or treat cell damage by reactive oxygen species, remove radicals to 
inhibit the formation of lipid peroxide and have anticancer activity. 
CONSTITUTION: Betula platyphylla var. japonica is extracted with a polar 
solvent, such as 70% methanol. Therefore, the extract has antioxidation 
effects, such as inhibition of lipid peroxide formation and cell apoptosis, 
radical removal, activation of superoxide dismutase, catalase or 
glutathione peroxylase, and the like. A fraction of the Betula platyphylla 
var. japonica extract is fractioned with ethylacetate, butanol, hexane, 
dichloromethane or water. 
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4-t ^Hd°14. 

£.2fe, ^ £-«M DPPH 3\t\Q±7\ (radical scavenging activity)^ 44^flbr ^°14. 

• - ^14^8: O - «!4 (Hexane), A - 4°1#SSp114 (Dichloromethane), A - oH^oj-x-plH e (Ethyl ac 

etate), ■ - (n-Butanol), □ - tIt (Water) 

E.3£, 4t>5Hr^°ll 3*11 ^fE^fe «| ^H^Rr 44^ 

^-5L5]^r «] 444*<>1 44^34. 

E.4fe, ?1 ^^WHH £3H ^SK^ofl cq^ ^-5L5]^ ^1S4 apq^fij 444# «oH4fe # 

^°1 44^flbr ^<>14. • - # A - "flSloMtlME (Ethyl aC etate) £3 

2.5^, Sj-s] ^MH-°| 444 Jii 4-§-^r 44^ £.±91, superoxide dismutase, catalase ^ Glutathione perox 
idased^ %^^r f^M?)^ oj-g-A. 44^ ^ ^ s Afe superoxide dismutase, Bbr catalse Cbr glutat 

hione peroxidase^! l^M ir7 r sj^§- 4444. 

2.6-Br, 4 s ) ^#1-<»1 A^^acv (KB) (A)4 l^tf 4^ (HL-60) (BH tfl^ >Ml£^!:M-7> 

44^ ^ol4. 

5174, 4 s ! 1^4 ^a4 (HL-60HH 45L4fe 1^7} °j44 ii^^rMr 44 

A^r ^4 rfl2:?-i- B^r 43 ^#«"3 A||2£«|£^ -fi-E. JL41- 44^34. 

E8^, Sr^l 1^4 4St (HL-60H41 <g^l DNA £^4 4^.44 £^7} 4 Jioj^fe :z^°14. 

S]-^ ^##ol tgofloi- (HL-60H4 ^4^1 ^^§- 4^44 5:47} flow cytometry^. £ 

44 ^4» ^°14. 

E.104, 43 1^4 ^ili^r (HL-60HI4 4i4^ (apoptosis)^: 4^44 4^43 44 g $H8 

3*14 ^-i: 44^4 ^ °.3.4, Bcl-2 4 444 &<>.3, Bax4 443 ^7 r £)H caspase-33 ^ 
7}33, PARP7]- 4434 443 444* iL3n4r ^34. 

Sl-sl ^>Sl-^4ii Sl^ xfla (subdiploid cells)^ ^sfl^ q-Efifl^ 

£2^r, ^##ol ^?floj- (HL-60)^^ ^lS (subdiploid cells)^ fl^-i- -R-E§M ^li^ 



gj Aj- ^j ,^ 



^ ^r^^r ^S)- 55 «J-<a- 7>^ ^ , ( 5eto/a platyphylla var. japonic 

^7l^r ^l-y O 2 " - OH - , H 2 O 2 ^ ^bS-^o] ufl ?\A] °to.S5L ^^tfl^ °i &l ^-§-*H 

A>s].aj ^a o i-^ eg o_ ?H oi^fl /flasl 7l^ol Tm^jL Afla A>^(ap 0 ptosis)# ^sfl^Hl =14. #^^>i 
^ (reactive oxygen pecies) 0 l ef^ Sr^^ri^ 0 !] ^H: DNA, ?J -Sr^l:^ ^>Sr^ ^ 

-^-B: ^«-(Witztum, 1993), ll:*^ 0 ! °1 (Alzheimer)^ 4 ^-g, ^a]^^] Aj-ofl( Richardsonj i 99 3) j s.<g^oli4 
°^ ¥^ ^ ^^^4 tS]- ^^lfe ^ iLS. °14(Finkel and Holbrook, 2000). % 

A 3t}± sKfrSH 1 ^ xfla DNA ^7]^ ?A°-^ S4(S. Ahma 

d, 1995). 4*5|-Ti(hydrogen peroxide; H 2 O 2 fe 50yM °}^t£) ^E^H 4^ •§•• 4^514 
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4}34 444 4444 (B. Halliwell et al., 2000). 

444if41 44 444 £4£ 444(radical)4 ^4 4E.4 4?\ 4244 44444 2^444. 4^444^ 
444-2-S 4444 444 4 $jir JL£S-°1 $1tt4 444 444 444 4^r SLiS.^ 44444 h. (superoxi 
de)4 4«14Rr 44 444 H. 4^444*11 (superoxide dismutase, SOD)4 3W^ril 44 4^5. 444 4 
44444 (catalase, CAT), 4444 44 7 r 44 ^44^ $1^ 51^4 444 4^4 4^ 444^- 

44 444^ 44444 44444^ (glutathione peroxidase, GPX) 44 014 ( B l a ke et al., 1987). 5&4, 44 
4^44 444 4 £fe 4s 44^ 44444 (glutathione, GSH), 44iL24^(flavonoid), 4444 

-10 (ubiquinol-10), (glucose), 444 (albumin)44 $14. =L »?H 444 444 44 4444 44 

4 4 $l^r 444^ 444 C, E, A 4 £S Hi 44 (pro-vitamin) A, i44 45fl4(selenium)4 44(zinc)44 
$14 (Halliwell and Gutteridge, 1998). 

4 444 AS 444^44 444 4^4 7M fe ^ £A ^514^ 444m 7^4 44444 4-tBlir 44 4 

47} 444 444^ $14. 444 44 44-, 4* , 4, 4444 44, 4*34, ?!4 444, 4?!44 44 44 4 

44 44 444 #44 44 444 iL3.7> 444 s 514. JE ^44 44 44 4 5 fl^l 4 eS- (resveratrol) 
4 o] ^11 tgofi o> X |a^ (human promyelocytic leukemia cell line)?! HL-60 43 444 DNA 44 444 4*114 
Jl 4S444 7} 4 44444 4414] ji s-aHI t^A^a^i oisfl o_ E sl rat pheochromocytoma (PCI 2) 
4i4 444 4^44 444 444 443. Ji:il444 (M.V. Clement et al., 1998 ). Et 44 444 

444 Epigallocatechin-3-galatefe D-galactosamine (GaIN)4 44 424 rat4 4 444 4*114:2 44 44 
4 44 St (human prostate cancer cell line)?! DU145 4X44^ 4^4 444^44 47H4-2-5.4 
4S444 4244 (L.Y. Chung et al, 2001). 444 ( Panax ginseng )44 444 ginsenoside Et HL-60 
4S44 12-O-tetradecanoyl phorbol-13-acetate (TPAHI 4*11 ^JJ44 superoxide anion (0 2 ~ )4 
4444 44^4 4444 TPA4 31*11 45. 4 tumor necrosis factor^ ^44 4*1144:2 4444 (S.J. Lee 
et al, 2000; Y.S. Keum et al, 2000). 44 44#t- ^4 tfl^l #41-4 4344 4 #4 SL4» 7^2 $144 
444 4444 44 (Y.J. Shur, 1998). ^4 ( Curcuma longa LinnHl ^7fl4^ curcumin-g: diarylheptanoid 
% 7\^±= #4S, 01^^ oiB^ -^1-1-4 Bfl<a=^ 41011^ 40J-4 sj-s-oj^oi a4i- 7 >4^ 4— s. 4344 
( K.K. Soudamini et al, 1989; C.V. Rao et al., 1995). 4 ^4 i44 444 °J4 4^4 4^714^1 4^ 

°114 ^la4 (programmed cell death), 4 ^li44(apoptosis)Tr < ?!441- 0 11 A fe^flS. ^4^21 

$14 (C.B. Thompson , 1995). ^Ii44£ 43.3) ^fll- ^sfl xfli lifol 444711 4°i4^ W^?! 4 
4 7140.S., ^3fl^ o.S.ir ^li^l «14 4^, xfli4ol 421, ojAfl^oi 0.^4 ^ h.^ ol a5 ]^ DN 

A 4444 ^li 44^14^ a44 ^444. 44^! ^Hefl^4 43. ifl 44 4£^1 ^7>, pls^H5l4si 44^ 
44, ^3^1 ^li4 4444 444 7 r 44°fl ^*H4£ 4i44 c >l 44^1 jl 4^ls 4^ 43 4 A J #4 

l-^l ;>7 vitro 4°114 4 A J f"3= 4^444 44443. iJlsl Jl $14(S.M. Planchon et al., 1995; I. Muller 

et al, 1997). 

44SM14 4^4 ^5443 444 7>4^ 1-4S. 444^#^1 ^4 ^^14^ 43 tfl ^44 4^44 
4^^-$.s. i7l4^ ^Jia4^ 44- 44^4 44 A 144(C.K. Sen , 1998). ^ 4447114 ^1^44^1 ^^ll^ls. 
4 44sH .2-71 h 5S4. 211444 431= 443 ^Hefl^l si4 £4^1 44s. 4i44°144 4^4 t!^ 44 
4711 £)7l n|]4 0 14(D.M. Hockenhery et al. , 1993). N-acetylcysteine°l 4 dimercaptopropanol4 4°l 4 (sulf 
ur)4 S44 444^1144 ^444 4 ^Ii4°ll4 p53-44 4444 ^1X444 ?!-$-44i 4b144( 
M. Liu et al, 1998). 4^44 444^1^ A 1 44 44^1 44 4^4°1 ^4^3. 44. 4 4^^ tfl4?! 4^1^ ^ 
44 3114 444 4^ 4^4^ 44 *l£.*Hr 44 44 4^fls #°] a>-§-s)<h 44. ^b!4, 44 °i 444 ^ 4 
4 4^i 44 44, 4*1 443 44i44 44fe 4^44 4«14 4344. 



41-gol 44.j?4 4>== 7:44 44 

4 4^4 444, ^Jia 444 444 4^r 4444 444444 444^, ^li44 ft4 a^4 444 
47>44AS4 44 4i44 711444 4i 444 44 44°fl 444^ £444 444 444 4 $l^r 444 
SL^r 4444 711 44^r 444. 

a 4^ 4 444 444, 44S44 43 4 44 4^4^, 444 DNA 4444 42-43., 4a 4444 42. 
4-2.S4 44 444 7>4 4444 444^ 444. 4 444 44 444444 444 444 7>4 4fe 4 4 
444 444 24, 444 444 44, 4 4444^^4 444 44^44 4 444 4^ 44 4 444 4 
4 444 4 $14. 
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#71 444 4444 3144, 4 4^4 41*4 444 4 44 444 4444, ^-g-nflS S).^ 

44. 

314 a. ^6] « r 3a^-g- > *J-A]-S|. ^-g- q-Eflfli^ S\-S\ 44444. ^O) Hj-^S!-^^ 70% Pfl 

44 4444^, 4444 44, d^^p)]^ Oil 13^1 ,5)1 0]E^ W-B^ ^-ofl Ojtsfl A^S) 44444. T£ 

4 4 444 §1-711 ir, 4 444 4^ 444 SL^r 4444 44444 4*11 #4, 444 ±-A #4, 4444^4 4 
4 4 a 4-^*113 444 4«14Rr 44, 4444^1 44 4^4 G 2 /M ^44 44 444 <y 01,4*1 44 4 
44, 44444 — 4^4444(S0D), 7}4444(CAT), 3^ 44444 444444(GPX)4 44-g. 44 

*Hr 44 444^r 44 44 44. a* 4^4444 4 t&^^I 4^ 44 4444, 444^44 51*11 4^ 
^ia°l 4 44 44 4«H 4 = 4 a>44 ^a^ 7^44 ^ ^a^^oh 4 = 44 44 

4 44, t^fifM 444 4 4 = 44 ^ oV^n^x^ x-flH «j W-^-g- o-tr cgAfl^] DNA H-^-g- o. 

£*Hr 44, #71 4444 44^44 Bax4 444 47} 4?]^ ^ aj- 7 | 44^44 caspase-3 

4 444 44 44^r #44 444^ 44 44 44. 

44 4444 |s M 444 A i444. 3^14, 4 444 444^ A|^j- 7 | oj^ 444, 

444 444 4444 44 44 4^4. 

1. 444 X| 2: 44 

1) 444 444 ^Jjo} X| 2- JJ-Ul^ 4444^4 4444J2.4 444 44 44-°S 42:4514. 44 

«V Sj-^s w-ifl^v #4^h4 4 100 g4 70% 4444 ^H, 80°C5L 7^«:>^ ^4^4 3a14 °14 

^#4534. °1« Tif-^oi-i. oi-g-4^ *#ofl^ ^e^| ^ aIjm- 4ai ^14 ^ ^ 

13 444°i ^#4s 7]s°fl^ ^Ai #ov ^^^^ oji- ^^-^i 4^ ^ 42: ai^ 4s «: _ 70r 
i ^44it4. «14, ^#S^14, °HH4^Efl <: >lH > ^-4^^ 4^1^ 7>«H ^ 44 ^^ 7 1 (Ey 
ela, Japan)S. -g-pflf - ^4^71 31 ^€4 (dimethyl sulfoxide, DMSOH 100 u g/ml7> 51^4 40} -70 °C 

i ^.44^4. 4 44^14^ ^11:4 ^liflfl^flAl £4 ^e] ^1^4 (phosphate-buffered saline)i 7>4 4 
^^*H 444it4. 

2) -HI i «11 4 

4 44°11 444 Alli44 V79-4 (chinese hamster lung cell line ; ATCC CCL-93), KB (human oral epidermoi 
d carcinoma cell line ; ATCC CCL-17), HL-60 (human promyelocytic leukemia cell line)S.A ; | ) V79-4 ^115.4 
DMEM (GibcoBRL, USA) nfl*H 5% fetal bovine serum (FBS; Bio-whittaker, USA), 100 ^g/ml streptomycin ( 
GibcoBRL, USA), 100 unit/ml penicillin (GibcoBRL, USA)4 2 mM L-glutamine (Bio-whittaker, USA)4 4^- 3 
7 °Ci4 5% CO 2 / 95% air $ S44°ll «1144S4. KB 4 HL-60 ^4 44 244°H4 ^44^21 4, 

KB ^1S4 10% FBS4 DMEM°1| 4 HL-60 4i4 10% FBSf- ^44 RPMI-1640 (GibcoBRL, US 

A) flflAi^Ai ^44514. 

2. 411 4^ 

414. >llisl ^€:4 4H 

4^ 4114 MTT assay4 °14444. V79-4 ^li4 96-well microplate°ll 4 3- 0, 4, 20 100 ygg/ 

m\$) s\s\ 444S 7^4534. ia!4 «4 0 t4, 100 u M 4444^4 flfl^li ^^43- 44 2444 44 ^445* 
4. 3- [4,5-dimethylthiazol-2-yl] -2, 5-diphenyl tetrazolium bromide (MTT; Sigma, USA)^r ^5l4^4°ll 5 
mg/mlS 4°i 0.2 /an filter^ 71^- ^ -20 °C°1| 444°1 iL444^ 4^- A l 4°i 444514. MTT 20 44 44^ 
444 44 flfl4 4 4 well4 flfl4^4 4714^ ^44 formazan salt°l| 0.04 N HC1°1 444 isopropanol 100 
44 7>^7ll 444°i 444 4*1144 4, ELISA reader (Bio-Rad, USA)4 °144°i 540 nm 44 (referenc 
e 655 nmH4 44E.4 4^4S4. 4 s ! 444^1 4a 44 4^4H°1142. MTT assay4 °144a14. KB4 H 
L-60 ^lli4 96-well microplate°H *\ H1144 4 0, 20, 100 4 500 //g/ml4 44 4444 444514. KB4 ^4 
4844 ^ 7244 44 ^444 4a 444 444x13. HL-60 ^li4 44°11^ 48444 nfl444 444 44 

4^4. 444 570 nm (reference 655 nm)S 44 445.4 44444. 

442. DPPH 444 ±>\ 44 44 

1.5X10 " 4 M l,l-diphenyl-2-picrylhydrazyl (DPPH; Sigma) 600 4 4 44 4444 42.7> 0.8, 4, 20 4 100 
mlm\7\ 42-4 44 7>4 4 methanol 444 7>*H 44 444 3 mis 4444. 44 10^4 4444 4 44 
4, 520 nm44 44^4 4444 44 44 4*11 dpph 4444 ^4 #44 44 4514. 
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Radical scavenging activity (%) = {(ODcontrol-ODsampleVODcontrol} xlOO 

4 A]g.<5] *J-a>S|- 444 IC 50 (DPPH ^-§- 50%3. 3^14^-11 4^4 a]S3] 4E.) 4-°3 44^44. 

-M^ 3. ^^11 ^1 ^3 4^ 

Afla43] ^ 44<?1 4443] 4^4 4444 4t]zH] sjtsn 443-4-1-* °1 ^ ^J44 W^l^^ 

AfliBj. 4^ igolol 5]^ ^ O.^ 4^ $14. 44 2fA>^H}0.0] 444 ^Aj 4^4 

^|S£ <»i-g-£|ai §14. a. o^o)!^ 443 444 <5] o.?)^ 44 4^44 hydroxyl radical* ^ 

^Rr H 2 O 2 # 7l5}32, H 2 O 2 3] 45L4 H 2 O 2 f 7}t^2] Afla fl]j4 A 144 44 A 1?]44 ^^11 
2:44 44 3^ 2) 2:44 1 mMS| H 2 O 2 4 1*1 #31 «1] 4*1 4°1 44. ^^11 4*j4 4^4 

71 ^44 V79-4 AflS-efl 4 ^4 4443] *2-7> 100, 20 4 U g/ml7 r 7>4 *■ 44 ^44 

534. 4^ 443 ^asflit- <g o_ 7 | 7 j 4444^0] ^ E7 j. x mM 5] 7^4 4 4^ ia]4 44 ^44 

514. ^4 Aflat- ^5] *]°j43 4 IJl-gr 4 1.15% KC1 500 u I* 44°} -*fli4 444^ microfuge tubeS. 4 
4 44 4°C4 4*1444 444(homogenization)4°i 444514. c] 4^ 100 u HI Ohkawa 43] tg-tg( 

Ohkawa e£ a/., 197941 4*1] 8.1% SDS 200 u 1, pH4 3.53 2:44 20% acetic acid 1.5 ml ^ 0.8% TBA 1.5 m 
1* 44 4443 ^4 4^7} 4 ml £]5L4 ^1S4. °1 4 OJ !4 4 4!4 4 95°C°114 2*14 44 7 r !4 a l 4 

-l-Al^lji 44°-3 434?!: 44 -^4 4^3] 4 Aj i 444 n-butanol : pyridine (15:1, v/v) Jt OJ !°-S 4#4°i 1 
800 rpnH14 1044 43 4e]49i4. 44^4 #)«!] 532 nm°1|4 44E4 ^j5}2 444*14 3^1 434 44 
534. 

411 4. 4s|44 0 l^ 4^444^1 (Superoxide dismutase;SOD) 43 43 4-s] 

SOD #3 4 Beauchamp4 Fridovich (1971)3] NBT (nitroblue tetrazolium) 4^3 ^34534. 4##-§: ^s] 
4 ^lai 0.05 M 44 4H# 444^ (pH 10.2)4 7>4o] $444a} Af-g-4^4. o] 43] 44^ 50 u H 3 mM 
xanthine, 0.75 mM NBT, 3 mM EDTA (ethylenediaminetetraacetic acid), 1.5 mg/ml BSA (bovine serum albu 
min)-!: 7 r 4°} ^ 0.1 mg/mlS] xanthine oxidase 50 u 1» 7>4^1 ^Kg-oflA-| 30^ 4-§-^r 6 

mM CuCl 2 * 7 >«H ^* ^ 1500 rpmi^ 10& f-^ «i4J ^-^^rAtcf. A o v #^-i: #]«!] 560 nm^4 ^^E* ^ 
^SKU SOD 

€^ 5. tI-I^H (Catalase; CAT) ^ 

^5]^ p}^ 100 u HI 3% ^KVSHri 12 u 1» 7>«r^ 50 mM ^^-g-^ (pH 7.0)5.S ^#4^ 

7> 1 ml £]E4 sM4. el -8-^-i- 37 °C°114 2& f-^V ^ 240 run<%*\ 5^ f-<?> ^Sr^ri^ ^^-E. ^Sfl- 

^*>S4 (Carrillo et al., 1991). 

€^ 6. all 4Al 4o>^l (Glutathione peroxidase: GPX)*^ ^ 

Paglia4 Valentine (1967)3] 44 a]s.i- ^e]«l 4ifl ^"J] 100 u M| 1 mM EDTA, 10 mM GSH, 1 mM 

NaN 3 , 1 units] glutathione reductase, 1.5 mM NADPHf- 7\% ^ 37 ° C 6\]a] ^4 4^4514. 0} -g-enofl 
4 A >Sr^ril- 1 mM 5]E4 zl 2 ! 7>4 ^ 340 nm°l|Ai NADPH3] ^4E. 45ft- 4^*1-^4. 

^^7: «i ^4 ^ «oH SL^r -B-S 4 1 ?! €^ 

V79-4 Aflil- 45^1 ^sfl^l flfl^fi 100^g/ml3] 4s] ^##4 ^e]4 4, 24^]4 flfl 0 o^l-At4. ^1 
17} 44 4 ?]»] ^2fli# ^-^^^Tll ^]ifl ^e] a]oj4 S ^^14 42:A]^4. <?] 4 4°1 ^5] 4 V7 

9-4 ^li4 100% iU:^: 0 !] ^i?!: 5^14 °14 ^714^ ^lai- 4^*1 3.^ A 1^4. HL-60 ^la^r 60 mm dishi 
Ai 43] 500 mlm\7\ 5]E4 7>4i 24A]4°1 44 ^lai- ^%4a!4. 5X10 5 cells/ml 3] /|i^£7} 5] 

2.4 ^5] ^tI- 74fl Afli 44 OJ !-i: 443. °]4 ^ 50 ^4 #)«]] 500-1000 rpm^4 1044 cell spin (Hanil, 
Korea)4 °144°i 4^ ^A a }^} 44^1^4. 4^7} 44 4 44°1ei- 47I 4°114 42:^44. ^4 4°1 
^e] 4 HL-60 HS.m 100% °H44°11 3]i4 5^14 °14 4714^ 44^1 3.^^144. 3.^4 ^e] 

^9143 Afl^*]-al DNA 4°1 ^^-°Ja°J propidium iodide (PI)S 1044 ^^4514. ^4 Aflat ^44^1^ ( 
Nikon eclipse E800, Japan)4 4«fl 444544. 

4«]8. a^^l DNA 44 44 4E 491 41] 

1X10 6 cells/ml 4E.3] HL-60 ^lai 0, 4, 20, 100 4 500 ^g/ml3] 43] 4444 7>sfl 24^]4 44 ^44534. 
SL 4^ 2:4^14 500 //g/ml3] 43] 4 444 7>*fl 0, 3, 7, 16, 24 S 48^14 44 ^44a!4. flfl4 4, 443] 



- 5 - 



SJWmm 10-2004-0009983 



Afla# 444°1 750 x g ^A| 544 44l4e|4al 4444 ice-cold ^5] ^43 ^44534. ^4 44 24i>- 
S. 44 44 4444 4 3s 44#°11 1XTE buffer (10 mM Tris-Cl, pH 8.0, 1 mM EDTA)H- 7>*fl 1x10 6 
cells/ml 4E4 4514. o.eJ ^, 5^-^ lysis buffer (0.5% SDS, 25 mM Tris, 5 mM EDTA, pH 7.5)1- 7>*fl 

43 4444 4*11444. 45-4 Proteinase K4 4442-7} 1 mg/ml 7} 5)2.^- 7>4;n 45.4 50 t:°114 344 
a^r O.N. 44 444534. 45-4 phenol:chloroform (1:1) 444 2-34 4444 45 44 4444 444^ 

44 chlroform4 7>sfl 45. 44 444^ p henol4 444 444Si4. 45 444 1/10 44 3 M sodium aceta 
te4 24 1/2 44 ice-cold ethanol4 ^4 -20 °C44 O.N. 44 44444 -70°C44 i 44 4444 DN 
A* 44444. 15000 x g 44 2044 44444^ 4444 *1144$34. 70% ethanol4 7>4 4444 444 
3. 44 444 (speed vacuum; Savant, Holbrook, NY) DNAH- 4244 4, 424 DNA4 100 44 1XTES 4 
4444. DNase-free RNaset- 44 42. 200 ^g/ml7> 42.4 37 ° Co1 ]A| ]a]4 ^4 13.4 ;n 65 °C44 5 
44 444S4. 4514 DNA1- 1.5% agarose geHl ^l^Sj-JiL ethidium bromide (0.5 //g/ml) 444 4 4, 4 
44 2A}(UV irradiation)4 44 7}44 4^4. 

44 9 : Flow cytometry 44 

V79-4 4X4 100 u M 4444^4 4443- 744 ^ 244444 444?i 4. Et 100 /«/ml4 4 s ! 4444 
44 444 4, 4444^4 7 r 4 44 44 7444 24a)4 44 444xi4. HL-60 4i4, lxio 6 cells/ml 
42.4 HL-60 Afliofl 500 /zg/ml 4 s ! 4444 ^1^*4 0, 3, 7, 16, 24 ^ 4844 44 43% 444?i4. 44 
ol 44 V79-4 4^4 HL-60 750 x g 44 44 544 4444 4°!4. 44 ^tS 43 4444 4 

44 44, 44 44 2:4—3- 44 4444 444. 44 4444 Mcllvain's buffer (0.2 M Na 2 HPO 2 , 0.1 M 
citric acid, pH 7.5)3] 1:1 4444 1 ml* 7^4 4, 244 cold-ethanol4 7>5S4. 4 °C44 14444 ii44 4, 
750 x g °\]x\ 10444 4444 4534. ^4 4^43. 24 444^ 2 ml PI staining solution (10 //g/ml propidiu 
m iodide, 100 //g/ml DNase-free RNase in PBS)4 £al 37 °C 4444 2A14 «H44^4. Flow cytometer (FA 
CS-caliber, Becton Dickinson)^. 4^.1 44 453 4. 

4^10. Western blot 44 

HL-60 44 4^ 4^4 44^3. 4 s ! #-##4 444534. 4il 4^-43. 750 x g 44 544 444 
5] 4^4. ^i^41-i: A M ^^S, ^1^4 4, 4 A 1 44 44J4e]4al 100 (d$\ ice-cold lysis buffer (20 mM 
Tris-Cl, 150 mM NaCl, 1% Triton X-100, 1.5 mM MgCl 2 ,lmM NaVO 3 , 100 mM NaF, 10% glycerol, 1 m 
M EGTA, 10 mM Na pyrophosphate, 1 mM phenylmethylsulfonyl fluoride, pH 7.5)1- 7>*fl 304 44 ^lit 4 
*fl^l^4. 4*114 *\5.$= 15000 x g°114 154 44 44J4e] 4^^ Lowry 4^^ (Bio-rad, USA)4 4*11 4«14 
$1 42.1 4^4it4. 4^4 30-50 4 7-15% SDS-polyacrylamide gel°1| 471^4 4^4. 471^4 4, SDS 
-polyacrylamide gel4 nitrocellulose membrane (Schleicher & Schuell, Germany)°1] 2^14 44 transfer (30 
mA, Pharmacia biotech)43- transfer 4 membrane4 TBST buffer (20 mM Tris, 150 mM NaCl, 0.1% Tween- 
20, pH 7.8H 5%S 4-&^4 skim milk4 7>sfl 3)± 2^444 «H44^4. ^4 4 TBST buffers. 104 44 4 
4 / H1^4a14. Nitrocellulose membrane 0 !] 14 4^1 (anti-Bcl-2; Oncogene, Mouse monoclonal antibody, 1:10 
00 in TBST buffer, anti-Bax; Santa Cruz Biotechnology, rabbit polyclonal antibody, 1:500 in TBST buffer, a 
nti-caspase; Transduction, Laboratories, mouse monoclonal antibody, 1:500 in TBST buffer, and anti-PARP; 
Santa Cruz Biotechnology, rabbit polyclonal antibody, 1:2000 in TBST buffer)!- 7>sfl 44°114 1 A 14 44 4 
44^1 TBST 444°J]-5-S 104 44 4 # ^1^4x14. 1:1000*-S S]^4 horseradish-conjugated 24 4^4 
7411 404 ^E. A1144 4 ^4 4°1 TBST-S. ^144^4. Membrane^) ^744 4^444 enhanced chemilumine 
scence (ECL) detection kit (Amersham Life Sciences, Arlington Heights, IL)1 °14-41 4^4 44 ^2-1 
4S4. 

3. 41144 

l] 4n| 444^1 444 a4 

4^1 444 ^ 4=131 444 444 ^^4(4^1), dpph 4^4 i7l4 A 44^2), 444x14 ^^1 4 A 4 
4113) 4°11 3l«fl 4^5144. 

l) 4n| 44431 4444^°11 314 4 a4^ H <H Jl4 

^li3i ^3,4 4«i(4«ii)°i 44^r 21A, 2iB°11 2Ai^^cf. sL3i| 4#i-oi 4444^^1 $]t}<^ 4e.s1^ 
4^. 444 « 0 H44 3:47> 444, 21A, 21B1 4 4 44. £ lAfe, 444 4^°11 314 4^. 44 44 
°H, tiB^r 4^1 4#4°1 4444i°11 314°1 4^5]^ 4^444 4°14^ a44 44^fl^r 44°14. 5L1A4 
4244, ^§44a V79-4°11 4444^44 ^e14^cH 4^ ^^4°1 444^1] 4^4 44 4 4 44. 43. 
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°11 44 1, 12.5, 25, 50, 100 ^ 1000 u M31 4444^4 ^e|4 44, 4444i<>l ^ E7 j. ^ 7 >«H1 44 4^ 
^4 0 1 4+-453:n °H, AfliS] 50% 4^4 ?1 4 4444+- 3} ^5. IC 50 ( 50% inhibitory concentra 

tion)4 4 100 u M °144. 2.1B1- 42:44, 4, 20 ^ 100 ^g/ml^ sj-jq ^##4 7>4 ^ 3Kt^4 100 

U M4 ^eRl ^-f °114 sKt^iofl 3]4 Afla^o] T^fl^ 4 $14. Sj-s| 4443} 4E.°H 44 44 18, 27 
84% 31 4°4§4: 44^14 100 u M3] ^Sr^i 0 !! tpll 41 *1444 50% Mtr 4 s ! 44431 4 
E. ED 50 ( 50% effective dose)4 37.7 //g/ml °14. 

2) 4 s ! 444 ^ 4^431 DPPH 4^14 *^ 

4 s ! 444 ^ 4«l43l DPPH 4^14 +7] 4^ 4^(4^2) 44^ E.2°ll Ea^^t}. £.24 42:44, *lsL 

°fl 4<H4 4«fl^ *5L7> ^7>«H1 44 4^14 $hje. ^7>44 4£ 31^40] 4440.4 4^^ 4 
#1-4 IC 5 o 2.4 11 g/ml^l 44 +7] 444 44^flSi4. 4=] *l3°lMfe °lli4M4l4m4 444, 4 43)3] IC 
so 4°1 44 5.9, 8.1, 11 u g/mis4 7>4 44 +t1 444 JiS4. «!44 t)4ssm4 4=131 IC 50 44 S-4 > 
20 11 g/mis.4 431444 444 44^41 44S4. 

3) 4 s ! 3} ^144 4444 4i4lssi 44444 9*11 

43)0] pfl^ 4##4 41a 444*14 ^4 44 4^3 4^(4^3)51 44^r e.4°I| ea14$|4. 2.44 4 
2:44, *1144 444S ^e!4 ^lafil 444*14 ^4 4^4 IC 50 <4.0 u g/mis pfl-f 44 44 i^4. °H14 
44144= 4«|fil *J44 IC 50 6.5 u g/mis^i ^144 444^4^ 4+ 44 444*14 <^4ll 4 A c!4 44^144. 

4) SOD 

43I si 444 44011 <q-$ ^ ix fl *j-A>s|. ^ ^ o] oj.oi.ji7l ^4°i 4^1 5] ^14-1- 4##s. ^e!4 V79 
-4 Alia iflfi] SOD, CAT, ^ GPX #44 4*34534. SOD «4 4^(4^4)^1 444 2. 5Ai E.Aisl-534. s 
OD #-^4 4##3} 4, 20, 100 u g/ml.2.3. f^M^l 44 21, 31, 36 %S, f7}f^ 42.^14 

-^4 ^.^4. « *Wr*l &4 cfl2 4i°114fil SOD «44 24.9 ± 1.5 U/mg 4^4 <5 1^4. 

5) CAT 

CAT #4 4*J 4^(4^5)^1 444 £5B°11 2.^4^^ cat SOD #^a.4 4^ 44 ^7># 441^^4 
. P1144 4##-i: 4, 20, 100 u g/mlfil 7>S-§- nfl 44 12, 20, 24%S CAT ^7}s\ Si4(E.5B). S-^ 

AlS.4 4^4 100 u g/mlfil ^5. ^^^14 -crE. ^I^t?] CAT ^7># iSl^, ^2: Aflas] CAT *-^4 14. 
9 ± 1.9 U/mg4^4 0 lSi4. 

6) GPX $HS 

GPX 4^ 4H(4H6)fil 44^r 5L 5C°1| s.^}^. GPX^l 4^4 4^1 4 ^4°11 *M ^4 44 444 4 
4^534. 4, 20, ^ 100 11 g/mlfil 4^ 444S ^ a) nfl GPX 4 A j4 44 51, 62, ^ 67%^! 4^>4 44^Si 
4 (E.5C). 4^- 444 S.± 4^4 444*1 GPX 4 £4 444°11 44 4^°1 4444 42.°! 

i^oi 445144. Ais.4 ^514^1 s>4 cfl2 4ias) GPX 4^4 11.7+ 1.3 U/mg 4«!4 0 144. 

7) 4444i°ll 45Lsl^r ^lifil «fl 4*i ^ *H Jl4 

SB h.^ ^a o i- tg-oi ^ 40] 4^(4117)31 444 2. 3A, 3B°11 2.^144. DNA 4°1 ^4 t gS.'?l propidium iodide 

(PD4 °144 a l 4li ^fl ^^^1 444 444S44H4 *200). cfl2:^oi|A^ *boi ^Hfloiixi oi^«i ^ : 
4^1x1 43. ^4^?! ^lifil 4^4 44^144 (2 3A). 4ia°ll 100 u M 4444^4 ^sl4 4 444 44, 4 
a ifl sboi H717} tfl2:^4 44 Ei7]s. 44^1^ 444 «^4444°1 ^<H444 4 4 444 (2 3B). 

^£14 100 //g/mifil 4 s ! 4444 ^1 si ^514 4 4444^4 44^ci^ 34444^^14 ^e!4S 4 ^4^ 4 
el ^1 ^ 444 ^741 4421 tfl2:^4 «i ^4^ 4 4°14 44^*1 & v 44 (2 3C). 444 4 s ! 444 °1 44 
44^ ^51 oil 3*11 ^5]^ n 4444 (nuclear fragmentation) 4 4^44 4 4 444. 

7) 444 4i°ll 314 4ia 44^1131 %^ 44 

4 s ! 444 0 1 4^44^11 ^ Afla^^Hl ^144 ^344 ^}M.7] $n flow cytometry 4^14 4^1(4^9)4 
44, 44^1 ^H5lli°11 3i«ii 45L4 G2/Marrest4 4 s ! 444°1 s)4^1^ 44^r 444 4 4 444. 
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V79-4 4a°ll 100 u M 4444^44 x\z)?^JL AA 7*144 24a)4 44 flfl44 tfli^ 100 //g/ml 4^ 44 

44 TilB] ^5]«V 4444^ ^H^S 7 ^ 7 Al^}2f 24^4 44 flfloj:^. 4^4 ^4^131^1 444 44 

447} 44s]44. 7*14 ^4 4444^4 ^el*b 4a^l 734 , Q2/M phased 44 4a7> 42.7% ©I Sft -^-4 Si- 3 ! 
4444 4 ^el4$clv| x-fli^ oj=oi 35.6%s 4^4534. a«V 24^1 4<q eflE. 4444^4 ^34 4a^r 
G2/M phased 44 4a3 <g=e>l 33.4% <>14 0.4 ^ ^5) ^4 3 4^ 25.9%S 40} 4^4 

444534 (SI). 

3E1. 4^1 444°1 2fA>5]. ^ofl o]«l A1|2E 4^13 ^.g. «■ *j°l 444 4444 3. 





,#4„ £l3Ml v *1i 


Si 








Subdiploid 

™ Qi ^ 


S (96) 


Ge/M 


Subdigloic 
celL(%) 


Gi(96) 


S («) 


Ge/M 
(K> 


0 


0 53.8 


23.3 


22.9 


0 


538 


23.3 


22.9 


7 


6 1 30.0 


28.6 


41.4 


0 


35.9 


29.2 


34.9 


24 


42 44.6 


23.5 


31.9 


0.8 


53.7 


24.2 


23.1 



2] 4 s ) 444^ 44 Jl4 

1) 44a^l tfltt 4^ 444^ 4 a 4 A ^ J: 4 

Sr 3 ! 4##°1 -#3}'?}- 4a-?l KB 4 1^4 -Ml a HL-60^ fl^HI <H4 ^1444 44iL7] ^sfl S]-^ ^# 

#S1 42 43H 4^ 4as} ^^-ir-i: ^4534. (4^1). 4^1 144 26 A,B<^| 2*144. 2.6 A,B4 #2:4 

4, 0, 4, 20, 100 ^ 500 //g/ml^ ^##-§: 44 KB 4 HL-60 4a°fl ^e|4 44 Aflaa] ^2 
q°.S, 4^444 4* 4 ^ &4. 4a^l fl^-i- 50% ^i^l^ 42 °J IC 50 KB 

^■f 304.0 //g/ml (2.6 A) HL-60 4a°fl tflsll44 159.0 jug/ml olSft4 (2 (7»B). 3^ 441- f-sfl HL-60 

4a7> 44444 444 4 4 4534. 

2) HL-60 4a°H4 jj-jq ^#1-51 «q £a} 42 £4 

HL-60 4ai4 4##^ 4a «q £a} ^-2 Jl^}- ^f]s] ^4tt 27A, B°H 2^*14. £ ^^Ha^dn 
A sol ^^-^S. 1 ?! propidium iodide (PI)» =-l-g-§H 4a ^fl s ^ ^^-i: ^*>S4 ( fl M x200)(€^7). tfla 

0.1% DMSO« ^e]*t HL-60 Aflafe- 51^ ^tfli^-i- 44^»4 (2 7 A). <>14 

tflS^^-S. HL-60 *lla« 500 //g/ml S)-s| ^l" 0 ! *«HSfllfe- 24^1 ?> ^-^ q ^ 

^S5lSi4(2 7B). 

3) HL-60 Allai^ 3H ^##51 ^^^] DNA ^2 5.3} 

4 a ^-2*Rr o^ e ^ 7 >xi pii?m# f» *i7Ml^r H^-M (apoptosis)^ ^sfl ^a^^-t f^M^ ^°14. 

^£i2S Afla^}^ ^ 3L«L^! s-^ c>7>S.S ^ ^7]<^^ a], A>4el^ DNA ^: 7 i^r 35-o|«l- o.SAi 

Sl-nl ^#1-3] ^a °^}JiX5:4(^138). ^«I8S1 Isfe 28 A, B=H1 2Al«14. a. ^^ofl^fe, ^2 

°il 44 0, 4, 20, 100 ^ 500 0g/ml<3] Sj-sl 24a]4 nJW4 a^r 500 /ig/mlSl S)- 3 ! 0, 3, 

7, 16, 24 ^ 48^14 -§-4 flfl44^4. DNA ^# ^, 1.5% 47>S^ Hofl 471^^4°^ ethidium bromide 

444 44, ^144 42i 44 DNA 44 44°1 44^4. 28A°114 4 4 4401, 7\7\ 4s ^5: <q ^ 
4444 24A1444 ^el4M 100 us/ml$] 42^1 a^ dna 4444°! 44^7] ^44^3. ^2. 4^4 4 4a o >o_ 

5. 500 /ig/mia] 4 s ! 444°1 ^514 4^°1142 4444°1 44^Si4. 28B°il4^ 500 //g/ml 4 s ! 4444 3 
^14^2 ^5l4^c4q dna 4444^1 4447| ^44^^ 4^ 4444 48^1444 ^^4 44°1142 444 
7> 445144. 

4) HL-60 4a°il4 4a 444^1 42 

4 s ! 444°1 HL-60 4a i^H4 4a444 4714^4 44ii-7| ^sfl flow cytometry 4^4 4^1(4^9)4^ 
4. 4 4^ 44^r 29A, B°ll 2A144. g_2 ^4 4 4 444 A 144 42 ^=^^4 44^-S subdiploid 4a^l 
47> 47>4°1 445144. HL-60 4a°i] 500 //g/mis] 43] 4444 44 3, 7, 16, 24 5 48^14 44 ^^4 4 
4, 25.5, 46.3, 58.2, 72.9, ^ 87.7%S a]4 °l^aj4 444 44444 subdiploid 4as] 47> 47>4S4 (29A 
). J&4 4, 20, 100 ^ 500 /zg/ml^l 4 s ! 4444 24a]4 44 ^e14^c]q, 29A4 447>4S. subdiploid 4a^ 
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t7> ^7\^<&3L zl <^*lfe 0, 5.7, 12.2,^ 64%^ ^y\% q-E]-ifl^4(2.9B). a2^r, ^##<>1 1^4 ( 
HL-60)°1H ^la (subdiploid cells)Sl ^E-^H 4^1 ^las] ^S^MS-S^ igsl-1. aefl^Hr Jl 

*Hr jl4# ^ 4^ a 



Dose Cog/ml) SubdiRlpid Gi (96) S (96) Ge/M (96) 
cells (96) 

0 0 55.7 246 19.7 

4 0 53 3 26.8 19.9 

20 5.7 57.6 212 15.5 

100 122 53.2 191 15.5 

500 640 21.0 10.3 48 



^ (k) Subdiploid Gi (96) S (96) G 2 /M (96) 
cells (96) 

0 0 51.1 26.4 22.5 

3 25.5 381 21.0 I 15.4 

7 46,3 28.0 144 11.3 

24 729 15.7 6.1 5.3 

49 87.7 7.1 3.8 1.3 



5) £43 4^14 hl-60 ^ia°iH Afla^^ai 4e 

-fi-HJa apoptosis^l i|?fqa| ^sfl apoptosis 4S 4^1:Sl ^^Sr* 

^§}^4(^^10). ^^13^ ^sRr E(4H £Al*Vcf. a. ^IH^ ^ HL-60 -Ml a i-H*| 41 £ A}^ol casp 
ase-3Sl $H8SH- ^^7]- 5^4* S^r^ 31^r*M Bcl-2, Bax, g Poly(ADP-ribosyl)polymerase (PARP) 
TEH^fi] ^^2.1- -f-g Bl£^E.e|6l- iflofl ojir anti-apoptotic Bcl-2 4«-M4 pro-apoptotic Bax 

3 f-*fl ^la^oi ^^q-^ii- ^Sj-gc-iq, Bcl-2fe aRH *1\H 44 <3H £Sj-7> 

4 Bax^r Al^>^i nq-Bf ^^^^ <#e>i ^7>§i-^cf. tcf-ef^ Bcl-24 Bax^l Hl-^o] tftflajCLS. <£ ^ 5^4. 
Caspase-3^ Al?H 44 #^S|-£l <H 32 kDa^ 44*114 4*1:4534. caspase-3^1 7]£*\ PARPE *1 
^}ol xl^o]] 44 44*1] <?l 116 kDa°l #±ffcL 85 kDa^ 4^4°1 ^71-4534 (E (4)). 

3. €^ ^143 

a. ^!«Hi4 A>s|-aj iEefl^oii j|-ji| jL4fe ^las] ^-§-4 DPPH 4^4 iTl ne] zl ^%<* 

^4 44 ^la 4^*113 44^E# 4<y4-°£^ ^444. ^44a°J V79-4°fl 4444^44 ^ 7J4 
^la^ ^^-t-^l ^-2. o]iaj o.s 4^44^ 100 u M 4444^ ^4 A H^r 50% ^E.°l Afli7> a}^}^. ^ 
fr|4 Sj-Ul ^#l-g; ^Skjl ^Eefl^S ^ AfliS] ^^-irO] ^7}c5Hr ^§5] ^cf. iE*> 2.4 us/ 

ml$] ^ *E.S S\-s] ^##ol DPPH Hfc]^-g: 50% #^^4. JE«> 5 7}x]«] ^ 4^ ol-g- 

*M 4^ ^n*]5-± dpph 4^1^ i7i ft^-t 44^# ^ ^ 3N S 

SOD, CAT, ^ GPXS1 #^-g: ^7} X\ %t\. %s±3,*\, Sj-s] 3:4°! 4-g-7l4-g; * 0 V^S)- 3:^ 

4^ ^ia4^°i ^>#<a ^1= a^^ii- ^sjcg o_q. ^ ^el«> Aflaofl^t 

^lla *M^}7} 7\ °1 ^§51X1 ^r$j:4. Oje^ 7j2l- S sJ-Tt| *#^-C>l ^Aj-Sj.^^^ <q § fl G\ 7 \Q Afli ^ofl 

tfl^fl Y-S-tt w oH JL3H- 7>^-g; t ^ $15S4. Et Flow cytometry ^41" *^lS^ A>^-g- ^4^4. 

sK^4 ^5i«v s].^ A#i-g- ig-Tii ^sl* ^lai- niit«fl 1- nfl, 4-^51-^4 ^el* V79-4 ^iia ^i^i 

6 >7l si G2/M arrest7> S\-s\ ^##°1 ^e|s ^ *fl ^!H?rS4. 



SI?!:, -f Hl^r ^-t- SrS] HL-60 ^la°M ^l^- ^^4S4. KB4 HL-60 4^} 

S±Z] ^5l«>-*S«l, ol l-^ol oj-AflaSl ^R4r ^ 51 5i 4. 47>S^ ^ ^7l<9^ If 

«fl «! ifl DNA7> ^-^^ 6_g.^ Q3\ S|el^r HL-60 ^la ifl^l^ Aflame] 4 4 $153 

31 flow cytomerty-g: f-«r ^4^r Afli 7> a^I n^-ej- ^7>«># iL^^iLSAi SL3E| ^##ol oj-^jn ^^xi 
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apoptosist- 4444^r 444 cR 4^1 4^4. 

^4 434 ^44°^ Ein 244^1 4447} ^^3. 4431, 44^ >|| a ^44 ?Wr7l4 47441^ 2^ 
*Hr Bcl-2 family -f^Kfolal 4^ ft 44^ caspase 4444°-3-4, 4*11.3- 444 4«S4^ kill 
er gene°14( T. Okura et al, 1998). Bcl-2 family^ B-cell lymphoma^ 4 ^44 4443-4 127fl ol4<5] 

43 4^^H 44. °1#4 3.711 Al] 7flSl 4471 (functional group)°-3 4^^ =L 4°114S. anti-apoptotic 4 A d 
4 7>xl^ Bcl-2 (26 kDa)4 pro-apoptotic 444 7Mfe Bax (21 kDa)7 r 4 m e>ls--g- homo- E^r heterod 
imerl- ^444 4444. ^&I4 ^4^1 ^44 4471 4°11 4344 43^ 4*1 44( M.L. Kuo et 
al., 1996; D.M. Finucane et al, 1999). 

Pro- ^.5] 2. anti-apoptotic Bcl-2 family^ ^3^5143 X4°114 44 cytochrome c^ 444 2:4471 ^sfl 
43. 7^*14. 44^ pro-apoptotic group <>1 47>44 ^£^5] 4 ifl°H4 cytochrome c7> « 0 >#£]3. *lla44 
°1 4^444(S.O. Klaus et al, 1998). 444 anti-apoptotic Bcl-2^1 4^4 444 447} &4*14 pro-apopt 
otic Bax^l 4°1 f^lf o.S«l 443 °-3 Bcl-2/Bax ^ ^bb^ n]^c] 4i*Hl 44 Sfn| ^##<>1 HL-60 4^. 
ifli4 ^1^444 47144^ 4^4 44 4 444. 

Caspase^r 714 4, aspartic acid 444 444fe 7)44 0 l A c! 0 ll 7|a*H 4 44^1 caspase7 r 4^ 44^1 casp 
ase4 4^4 A l7l^r 4°-3 433 40.Pl o]^4 7144 f-Sfl caspase 5:^43 4x4347} H344. 3 3 
4 Sit-& PARP, Lamin, *lia 43 4434 PAK2 4 ^ 7|44 344°-33 ^-4^ 7144 ±^}^}JL 4 

4, ^S3^» 44 >fls. 334 3^443 444 4^3, ^443 434 443^4 44. 4*1 33 434^ 
5ii3 PARP4 DNA 44 s)4°ll 433-3. 33. 4 DNA 7}4433:^3 #34 3344^ 433 44. parp3 
#3 43 (catalytic domain)^- 35444 7^)^ &} z] A|la33 caspase-31- 2.44 33 caspase3 343 DNA 

44 43 (DNA binding site)343 ^433 4344. 444 ^44 PARP^r &4 :a43i33 35443 4 
3LS. 444 4 °-3 *^344( S. Nigata, 2000; P.J. Duriez et al., 1997; X. Li et al., 2000) 

o}^$) ^45. v] ^#1-4 w vitro 33 #34^43 33 443 ilfllit °J4 3435 333 44 
4 a4» 7}4 ^4 434, KB, ^ HL-60 353 cfl^c 4354^4 4434^ 44 31 4 44. 



a|;4»] ;g.4 

4 4^, 4^1 ^ 4«#4 Aili 44^1 4-^ ^y 0 ! 34 4^44 444^144 i*£i4 ^^14 
4 Alia iflsi 444 ^-A^ #44^4 ^l7l4o.s^ 4 a § ^ ^4. 44^, a. 

4^3 431 ^#1-4 Alia 444 4444 444 4#s 444 4 44. 

at 4 4^1 4^ 4^ 4##4, 4AHi°il4 ^ia*Jj3 4 A i ^ ^^^11 dna 444* 4^44 ^iia 4^4 4£ 
4^r 4^4 444 2^f«£*l, 44 4^4 7 r 44. 444, 4 0 0 v ^l 4«-s. 4-g-t- 44. 
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